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Background: To evaluate efficacy of post exercise tissue velocity imaging in diagnosing more
than 70% coronary artery stenosis.
Method: Twenty patients with angiographically proved significant coronary artery disease
and 26 healthy controls were evaluated. Pulsed wave tissue velocity imaging was per-
formed at rest and immediately after treadmill stress test. Medial and lateral part of mitral
annulus and medial and lateral part of tricuspid annulus were evaluated.
Result: No change or reduction in systolic annular velocity after exercise at any of the four
sites identified patients of significant coronary artery disease with 75% sensitivity and 73%
specificity. Rise in the ratio of early diastolic inflow velocity to the corresponding early
diastolic annular velocity above the identified site-specific cut-off value had sensitivity of
85% but specificity of 34.6%. A combination of no change or decrease in late diastolic
annular velocity and no change or decrease in systolic annular velocity at any of the four
sites had sensitivity of 75% and specificity of 88.46%.
Conclusion: Post exercise tissue velocity imaging can provide a useful, objective parameter
for detection of ischemic heart disease on stress testing.
Copyright ª 2012, Cardiological Society of India. All rights reserved.1. Introduction exercise and it is practically difficult to correctly interpretIn a patient with suspected coronary artery disease,
supportive evidence from non-invasive evaluation is required
before subjecting the patient to coronary angiography. Exer-
cise electrocardiography is the cheapest and widely available
modality but it can be falsely positive or falsely negative.
Echocardiographic evaluation of segmental wall motion
abnormalities is subjective and operator dependent with
significant interobserver varibility.1 Further, wall motion
abnormalities recover rapidly following cessation of physical5001, India.
.
2012, Cardiological Societmotion abnormality of all segments before they start
improving. Pulsed wave tissue velocity imaging is an easy,
reliable, objective and reproducible method for evaluating
myocardial systolic and diastolic velocities.2 It is independent
of heart rate and preload.3 Annular motion can be recorded
easily in immediate post exercise period.4 Previous studies on
tissue velocity imaging have mostly used dobutamine stress
for echocardiographic evaluation.5e9 Exercise stress is,
however, more reliable and physiological than pharmacolog-
ical stress.10 Most of the previous studies have evaluatedy of India. All rights reserved.
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Significant disease in right coronary artery may only effect
movement of tricuspid annulus.4,8 These cases are likely to be
missed if tricuspid annulus is not analyzed and may
contribute to low sensitivity of test. Further, previous studies
have either included patients with priormyocardial infarction
or have not performed angiographic correlation.9,11 Effect of
exercise on E/Ea ratio andmyocardial performance index have
also not been mentioned in previous studies. We performed
detailed analysis of tissue velocities in healthy subjects and
patients with coronary angiographically proved coronary
artery disease with an aim to find out if post exercise tissue
velocity imaging could identify significant coronary artery
disease.2. Material and methods
Project was approved by the ethical committee of the insti-
tution and was, therefore, performed in accordance with the
ethical standards laid down in the 1964 declaration of the
Helsinki and it’s later amendments. All persons gave informed
consent.2.1. Subjects
More than 70% stenosis of any coronary artery or a major
branch was taken as coronary artery disease (CAD). Angina
and ST segment depression of 1 mm 80 msec after J point
during treadmill stress test was taken as “positive for exercise
induced ischemia”. Persons without any history of cardiac or
pulmonary disease, normal clinical examination, negative
treadmill stress test at target heart rate and normal echo-
cardiographic examination at rest were taken as control.
Coronary angiography was not advised in the control group
as it was not justified. Persons with history of effort angina,
normal echocardiographic examination at rest, positive
treadmill stress test and more than 70% stenosis on coronary
angiogram were taken as “coronary artery disease group”.
Exact involvement of different vessels varied significant from
patient to patient and no two patients had identical vascular
involvement. However, all patients had more than one vessel
disease with at least one vessel having more than 70%
stenosis. Exclusion criteria included prior history of
myocardial infarction, angioplasty or coronary artery bypass
surgery, atrial fibrillation, poor acoustic window, regional
wall motion abnormality at rest, systolic dysfunction at rest,
congenital or valvular heart disease. Twenty six persons
qualified for control group and 20 persons qualified for coro-
nary artery disease group.2.2. Medication
None of the control group was receiving any drug. In the CAD
group, 5 patients were having mild hypertension but were not
receiving any drug. Two of these 5 patients with mild hyper-
tension were receiving oral anti-diabetics. No patients were
receiving beta-blockers, calcium channel blockers, ACE
inhibitors or Angiotensin receptor blockers.2.3. Echocardiography
It was performed on Siemens’ Acuson X 300 with phased
array transducer of 2e4 MHz and facility for pulsed wave
tissue velocity imaging. Patients were examined in left lateral
position. Echocardiography was performed as per standard
guidelines.12 Pulsed wave tissue velocity imaging was per-
formed following standard protocol13 in apical four chamber
view in end-expiration with low filter setting [50 MHz],
a small sample volume and optimal gain. Medial mitral
annulus (MMA), lateral mitral annulus (LMA), medial
tricuspid annulus (MTA) and lateral tricuspid annulus (LTA)
were analyzed in sequence. Average of three consecutive
beats was used for analysis. Following parameters were
analyzed.
- Peak systolic velocity (Sa)
- Peak early diastolic velocity (Ea)
- Peak late diastolic velocity (Aa)
- Isovolumic contraction time (IVCT)
- Ejection time (ET)
- Isovolumic relaxation time (IVRT)
- Total duration of systole
- Myocardial performance index (MPI)2.4. Treadmill stress test
It was performed on Mortara instrument X-Scribe system
using Bruce protocol. Attainment of target heart rate,
appearance of classical angina with ST segment depression of
1 mm 80 msec after J point or fall in systolic blood pressure
were taken as end points.2.5. Post exercise echocardiography
Immediate post exercise tissue velocity imaging was per-
formed in left lateral decubitus position. If Ea and Aa waves
were fused, recording was delayed till the two waves just
separated from each other. In all patients, recording of post
exercise tissue Doppler imaging velocities was completed
within 2e3 min of peak exercise.2.6. Coronary angiography
It was performed at other centers within 15 days after the
stress test.2.7. Statistical analysis
Observations are presented as mean  standard deviation.
Two groups were compared using unpaired ‘t’ test. P value
of 0.05 was considered statistically significant. Pre and
post exercise values were compared to find if any post
exercise tissue velocity imaging value could identify
patients with CAD. Sensitivity, specificity, positive and
negative predictive values of a particular criterion to detect
coronary artery disease were calculated.
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Baseline characteristics of the two groups are shown in
Table 1. Persons with CAD were older than control (p < 0.01)
and included 5 patients with mild hypertension, 2 diabetics
and 6 smoking. Other parameters were not significantly
different. Pre exercise tissue imaging velocities were not
significantly different in the two groups. Post exercise
percentage change in various tissue velocity parameters in the
two groups are shown in Tables 2 and 3. Patients with CAD
had significantly less increase in Sa velocity and Aa velocity as
compared to control group. Representative tracing from one
control & one patient of CAD are shown in Fig. 1. To find if
a post stress tissue Doppler velocity finding could identify
patients with CAD, following parameters were evaluated
Criterion no. 1. No change or decrease in Sa velocity at any of
the four sites of two annuli.
Criterion no. 2. Post exercise E/Ea ratio of >14 at medial mitral
annulus.
>10 at lateral mitral annulus.
>6 at medial or lateral tricuspid annulus
Criterion no. 3. No change or decrease in Aa velocity at any of
the four sites.
Criterion no. 4. Presence of criterion no. 1 and 3 at any of the
four sites.
Efficacy of different criteria in diagnosing CAD are shown
in Table 4. Criterion of no change or decrease in Sa velocity
had a sensitivity of 75% and specificity of 73%. No change or
decrease in Aa velocity had sensitivity of 80% and specificity of
65.4%. No change or decrease in both Sa and Aa velocity had
a sensitivity of 75% and specificity of 88.46%. Criterion of E/Ea
ratio had slightly higher sensitivity [85%] but low specificity
[34.6%].4. Discussion
4.1. Post exercise tissue Doppler velocities
We observed that early relaxation velocity increased slightly
following exercise. There was no significant difference in theTable 1 e Showing baseline characteristics (mean ± SD) of
the two groups.
Parameter Control CAD P value
Age (yrs) 46 þ 15 57 þ 9 <0.01
BSA (m2) 1.8 þ 0.2 1.7 þ 0.2 NS
Pulse (rate/min) 68 þ 15 70 þ 17 NS
BP (mmHg)
Systolic 132.5 þ 12.8 134.6 þ 19.2 NS
Diastolic 85.6 þ 13.8 83.0 þ 9.1 NS
Hypertension 0 5
Diabetes 0 2
Smoking 4 6
Abbreviation e BSA e Body surface area, BP e Blood pressure, NS e
not significant.two groups. Hedman et al9 also observed that patients of
coronary artery disease failed to show improvement in Ea
velocity during peak dobutamine stress. Ea velocity suggests
rate of active early relaxation of ventricle. It is expected to
increase during exercise due to increased sympathetic drive.
Patients of CAD may have unmasking of impairment of early
relaxation during effort resulting in relatively less increase in
Ea velocity. Yamada et al11 also observed that Ea velocity of
ischemic segments was smaller than that of normal segments
during dobutamine stress. O’Sullivan et al8 also observed that
Ea velocity did not increase in CAD patients during dobut-
amine stress. Sa velocity is also expected to increase during
effort due to increased sympathetic drive. We observed that
post exercise increase in Sa velocity was less in patients with
CAD as compared to control group. This finding suggests
relatively less myocardial longitudinal shortening due to
ischemia in patients with CAD. Previous workers have also
observed less increase in Sa velocity in patients of CAD.(8, 9, 11)
Aa velocity increased after exercise. Magnitude of increase
was, however, significantly less in CAD group. Previous
studies have not made any observation in this regard. E/Ea
ratio increased after exercise. Increase was more in CAD
group but the difference was not statistically significant. We
could not find any literature on effect of stress on this ratio.
4.2. Efficacy of post exercise tissue Doppler velocities in
identifying patients of coronary artery disease
E/Ea ratio correlates with pulmonary capillary pressure.14 In
persons with normal diastolic function and filling pressures,
this ratio increases slightly with exercise.15 Ratio increases in
patients who develop higher filling pressure with exercise.16
There is no literature correlating exercise induced increase
in E/Ea ratiowith angiographically proved significant coronary
stenosis. E/Ea ratio represents diastolic function and Sa
velocity represents systolic function. In ischemic heart
disease, diastolic dysfunction precedes systolic dysfunction.
This can explain relatively high sensitivity of E/Ea ratio. This
parameter could, however, be affected by other conditions like
hypertension and diabetes. These conditions frequently co-
exist in patients being evaluated for presence of coronary
artery disease and can themselves produce significant
increase in E/Ea ratio on exercise even in absence of signifi-
cant CAD. This could explain low specificity of this criterion.
On the other hand, exercise induced systolic dysfunction is
likely to occur only in the presence of significant CAD. Higher
specificity of Sa velocity criterion is therefore understandable.
Patients with less severe exercise induced ischemia are likely
to have only diastolic dysfunction and may be missed by this
criterion. This could explain relatively less sensitivity of Sa
velocity criterion than E/Ea ratio criterion. Previous workers
have also observed low systolic velocity as suggestive of CAD.
Alam and Samad4 observed that exercise related decrease in
M-mode tricuspid annular motion of >4 mm identified
patients with proximal right coronary artery stenosis with
a sensitivity of 70% and specificity of 100%. O’Sullivan et al8
observed that failure of increase in right ventricular systolic
amplitude of >2 mm was 79% sensitive and 88% specific in
detecting ischemic right ventricular dysfunction. These
workers used M-mode evaluation for detection of right
Table 2 e Showing post exercise percentage change (mean ± SD) in various parameters.
Parameter Medial mitral annulus Lateral mitral annulus
Control CAD Control CAD
Ea (m/sec) þ6.3  30.8 þ5.9  33.9 7.8  27.5 þ1.5  25.1
Aa (m/sec) þ21.8  29.3 þ9.4  25.4 þ18.9  31.7 þ10.8  28.8
Sa (m/sec) þ35.4  24.6 þ19.0  27.7* þ25.2  33.0 þ9.2  28.2
E/Ea þ10.7  35.9 þ21.1  41.7 þ26.3  45.0 þ34.4  42.3
Ea/Aa 17.7  50.8 0.4  32.2 17.0  43.8 7.0  34.2
IVCT (ms) 18.1  47.8 10.7  45.5 12.5  41.2 5.5  43.0
IVRT (ms) 25.8  13.0 28.6  66.6 9.3  42.6 13.2  53.2
ET (ms) 12.8  29.4 6.0  20.2 14.6  31.8 5.5  18.3
MPI 8.1 þ 50.4 9.1 þ 56.1 þ1.7  52.9 6.8  41.0
Abbreviation e Ea e Early diastolic velocity, Aa e Late diastolic velocity, Sa e Systolic velocity, E e velocity of early diastolic flow on pulsed
Doppler imaging of mitral flow, IVCT e Isovolumic contraction time, IVRT e Isovolumic relaxation time, ET e Ejection time, MPI e Myocardial
performance index, NS e Not significant.
*P < 0.05.
i n d i a n h e a r t j o u r n a l 6 5 ( 2 0 1 3 ) 5 3e5 856coronary stenosis. Mitral annulus was not evaluated. Further,
tissue velocity imaging is more reliable and reproducible than
M-mode evaluation. Yamada et al11 observed that a systolic
myocardial Doppler velocity of <12 cm/s at peak dose of
dobutamine suggested CAD. Myocardial Doppler velocity is
likely to vary significantly depending on site of sample volume
because the velocity progressively declines from base to apex.
Interrogation of annulus is likely to haveminimumvariability.
Decrease or failure of increase in Sa velocity was easier to
interpret as compared to criteria using specific cut of value.
Analysis of diastolic wavesmay be difficult at peak exercise
due to fusion of Ea and Aa waves.9,11 Delay of few seconds
separates the two waves allowing their analysis. This delay is
not expected to affect the results because exercise induced
changes in annular motion take 10e20 min to return to
normal.4
Stress induced change in Aa velocity has not been analyzed
by previous workers. Progressive decrease in Aa velocity on
sequential imaging is considered a marker of deteriorating
diastolic function.17 Exercise induced tachycardia is expected
to increase Aa velocity due to fusion of Ea and Aa waves. Post
exercise decrease in Aa velocity may also be a marker ofTable 3 e Showing post exercise percentage change (mean ± S
Parameter Medial tricuspid annulus
Control CAD
Ea (m/s) þ6.7  27.7 þ9.3  30
Aa (m/s) þ34.9  43.8 þ8.5  29
Sa (m/s) þ34.3  34.3 þ12.7  23
E/Ea þ5.5  37.4 þ3.0  29
Ea/Aa 16.4  53.4 0.1  32
IVCT (ms) 21.2  52.7 8.5  36
IVRT (ms) 36.4  76.9 24.2  60
ET (ms) 14.2  31.4 4.9  18
MPI 9.2 þ 39.7 13.6 þ 45.
Abbreviation e Ea e Early diastolic velocity, Aa e Late diastolic velocity
Doppler imaging of tricuspid flow, IVCT e Isovolumic contraction time, IV
performance index, NS e Not significant.
*P < 0.05, **P < 0.02, ***P < 0.01.significant diastolic dysfunction due to exercise induced
ischemia. Combination of no change or decrease in Sa velocity
along with no change or decrease in Aa velocity could be
suggestive of exercise induced significant systolic as well as
diastolic dysfunction. This could be responsible for increase in
specificity on combining the two criteria.
4.3. Limitations of study
CAD group had small number because only angiographically
confirmed cases were analyzed. Study of larger number of
patientsmay give better insight. Our results, however, provide
statistically significant preliminary observation. CAD group
patients were older than control patients. Older persons have
age related diastolic dysfunction. This could have affected
resting tissue Doppler velocities. This should, however, not
affect the aim of the study as post exercise and pre exercise
values of same patients were compared. Patients with
hypertension and diabetes were not excluded because these
conditions frequently co-exist in patients being evaluated for
CAD. These diseases could also affect diastolic velocities.
These conditions are, however, unlikely to affect systolicD) in various parameters.
Lateral tricuspid annulus
Control CAD
.9 þ8.8  39.6 þ0.5  36.3
.9** þ26.1  28.6 þ9.2  33.4*
.1*** þ19.5  27.5 þ13.5  25.2
.9 þ12.4  43.8 15.5  56.3
.6 15.8  40.4 4.6  43.3
.2 12.9  40.6 7.3  38.7
.4 12.7  44.6 18.5  58.4
.8 14.5  34.3 10.4  28.3
7 þ20.7  79.5 þ2.6  57.2
, Sa e Systolic velocity, E e velocity of early diastolic flow on pulsed
RT eIsovolumic relaxation time, ET e Ejection time, MPI eMyocardial
Fig. 1 e a e Resting tissue Doppler imaging from control group. b e Post exercise tissue Doppler imaging from control group.
c e Resting tissue Doppler imaging from CAD group. d e Post exercise tissue Doppler imaging from CAD group.
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could contribute to low specificity of diastolic wave criterion.
Tissue Doppler velocities were analyzed only at annuli and
not in myocardial segments away from annuli. Correct anal-
ysis of all segments is time consuming during post exercise
tachycardia. Delay may result in relief of ischemia and wrong
interpretation of results. Further, previous studies have
shown that ischemia at any segment in the same wall on
a longitudinal image will decrease velocity of the corre-
sponding site of the annulus.18,19 Inter and intraobserverTable 4 e Showing efficacy of various criteria in diagnosing CA
Significance Criteria
1
No. of true þve 15
Sensitivity 75%
Specificity 73.1%
Positive predictive value 68.2%
Negative predictive value 79.2%
Abbreviation e 1 eNo change or decrease in Sa velocity. 2 e Increase in E/
4 e Presence of criterion no 1 and 3 in same patient.variations were not studied as previous studies have shown
insignificant variation with the method used.20 Diastolic
waves were recorded within 2e3 min after peak exercise
when the two diastolic waves just separated from each other.
This delay is, however, unlikely to affect the results as exer-
cise induced changes in annular motion take 10e20 min to
return to pre exercise level.4 We did not divide patients
according to vessel involved and site of stenosis, as the main
aim of study was to detect stenosis of >70% in any coronary
artery thus justifying need for coronary angiography. Study ofD.
(present at any of the four annular sites)
2 3 4
17 16 15
85% 80% 75%
34.6% 65.4% 88.4%
50% 64% 82.3%
75% 80.9% 65.7%
Ea ratio above a cut of value. 3 eNo change or decrease in Aa velocity.
i n d i a n h e a r t j o u r n a l 6 5 ( 2 0 1 3 ) 5 3e5 858larger number of cases with different subgroups may be more
informative.
Post exercise tissue velocity imaging showed sensitivity in
the range of 70e75% and specificity in the range of 85e88%. It
meant that CAD was missed in nearly one-fourth of the
patients where as around 15% of patients were falsely diag-
nosed to have CAD. In these circumstances, it is very difficult
to ascertain the incremental value of exercise tissue velocity
imaging for diagnosing CAD. Tissue velocity imaging has
certain inherent limitations like angle dependency, move-
ment of sample volume relative to myocardium, tethering
effects and cardiac translation. These could affect the results.
Induciblewallmotion abnormality could bemore accurate but
are subjective, operator dependent and difficult to interpret
correctly following treadmill stress test.5. Conclusion
Treadmill stress test induced changes in pulsed wave tissue
Doppler velocities of mitral and tricuspid annuli could detect
angiographically proved coronary artery stenosis of more
than 70%. No change or decrease in Sa velocity in any of the
four sites was 75% sensitive and 73% specific in diagnosing
disease. Rise in E/Ea ratio above 14 at MMA, above 10 at LTA
and above 6 at MTA or LTA had sensitivity of 85% and speci-
ficity of 34.6%. No change or decrease in Sa velocity and Aa
velocity had 75% sensitivity and 88.46% specificity. Treadmill
stress test can be falsely positive. If post stress tissue velocity
imaging supports the possibility of coronary artery disease, it
can help interpretation of stress electrocardiography.Conflicts of interest
The author has none to declare.r e f e r e n c e s
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